Aims/hypothesis Circulating lipopolysaccharide-binding protein (LBP) is an acute-phase reactant known to be increased in obesity. We hypothesised that LBP is produced by adipose tissue (AT) in association with obesity. Methods LBP mRNA and LBP protein levels were analysed in AT from three cross-sectional (n=210, n=144 and n=28) and three longitudinal (n=8, n=25, n=20) human cohorts; in AT from genetically manipulated mice; in isolated adipocytes; and in human and murine cell lines. The effects of a high-fat diet and exposure to lipopolysaccharide (LPS) and peroxisome proliferator-activated receptor (PPAR)γ agonist were explored. Functional in vitro and ex vivo experiments were also performed. Results LBP synthesis and release was demonstrated to increase with adipocyte differentiation in human and mouse AT, Electronic supplementary material The online version of this article
Introduction
Obesity-induced adipose tissue (AT) dysfunction is characterised by hypertrophy and hyperplasia of resident cells and enrichment of infiltrating inflammatory cells [1, 2] . In this proinflammatory context, AT functionality depends on the resilience of adipocytes to this surrounding hostile cellular environment. Recent investigations have shown a relationship between metabolic endotoxaemia and insulin resistance [3] [4] [5] [6] . Proinflammatory actions of lipopolysaccharide (LPS) are known to blunt insulin signalling and to prevent adipogenesis [7, 8] . Several mediators of the LPS response (toll-like receptor 4 [TLR4] and cluster of differentiation 14 [CD14] ) are increased in AT in association with metabolic disturbances and systemic inflammation [9, 10] .
Lipopolysaccharide-binding protein (LBP) is an acutephase reactant 65 kDa protein, present in blood at high concentrations and thought to be derived mainly from the liver [11] . LBP recognises the lipid A component of LPS monomers and accelerates LPS binding to CD14, enhancing the sensitivity of cells to LPS [12, 13] . Previous reports have shown a strong association between concentration of circulating LBP and obesity-associated metabolic disturbances [14] [15] [16] [17] . In agreement with these studies, we found that concentrations of circulating LBP increased in obesity and decreased after weight loss [18] . However, despite the association of LBP concentration with changes in fat mass, all these studies claimed the liver as the main source of variation in the concentration of circulating LBP [14] [15] [16] [17] [18] . A recent study described LBP secretion by 3T3-L1 adipocytes [19] and increased serum LBP levels in genetically and diet-induced obese mice after LPS injection, but AT LBP production was not investigated [19] . Supporting this novel finding, Ge et al found Lbp gene expression and LBP protein secretion in 3T3-F442A cells and in de novo AT formed from 3T3-F442A cells, showing that its regulation was mediated by microRNA 883b (miR883b)-5p [20] . However, they did not study Lbp gene expression in mice adipocytes or mice AT. To the best of our knowledge, no previous studies have addressed the aims of this study, which are to: (1) study LBP gene and protein expression in human and mice AT, in AT fractions (adipocytes vs stromal vascular cells [SVCs] ) and during human adipocyte differentiation; (2) test the effects of a high-fat diet, inflammatory cytokines, LPS and peroxisome proliferator-activated receptor (PPAR)γ agonists in AT LBP biosynthesis; and (3) investigate the possible functional role of LBP in subcutaneous and visceral adipocyte differentiation.
Methods

Human studies
Cross-sectional studies A group of 210 AT samples (110 visceral and 100 subcutaneous depots) were obtained from participants with a BMI between 20 and 68 kg/m 2 , recruited at the Endocrinology Service of the Hospital Universitari 'Dr Josep Trueta' (Girona, Spain) (cohort 1).
An independent replication study of 144 AT samples (72 paired subcutaneous and visceral depots) was performed at the Hospital Universitari Joan XXIII (Tarragona, Spain) (cohort 2).
The lipodystrophy cohort (cohort 3) corresponded to a previously described cohort, comprising: seven HIV-1-infected patients receiving antiretroviral treatment and showing overt peripheral lipoatrophy; seven HIV-1-infected patients receiving antiretroviral treatment without peripheral lipoatrophy; seven naive (non-treated) HIV-1-infected patients; and seven control individuals [21] . Subcutaneous AT (SAT) samples were obtained from the abdominal region. See electronic supplementary material (ESM) Methods for further details.
Longitudinal studies In order to study the effects of weight loss, two cohorts were recruited: eight white morbidly obese (BMI 50.4±9 kg/m 2 , aged 40±10 years [mean±SD]) women with normal glucose tolerance, from whom biopsies of SAT were obtained before and 2 years after bariatric surgery (the study is described in detail elsewhere [22] ) (cohort 4); and 25 white obese individuals who underwent bariatric surgery thought Roux-en-Y gastric bypass (RYGB) at Hospital Universitari 'Dr Josep Trueta' (see ESM Methods for further details) (cohort 5).
To study the effect of weight gain, LBP mRNA expression was determined in SAT from 20 healthy male volunteers who participated in a controlled overfeeding protocol (described in detail elsewhere [23] ). See ESM Methods for further details.
Ex vivo experiments Isolated samples of SAT or paired visceral AT (VAT) and SAT samples were obtained from seven obese (mean age 46±6.4 years, BMI 44.9±12.4 kg/m 2 ) individuals undergoing open abdominal surgery (gastrointestinal bypass) under anaesthesia after an overnight fast. See ESM Methods for further details. Ex vivo experiments were performed using AT samples as previously described [24] . Rosiglitazone doses were 0.5 and 5 μmol/l.
Animal studies
Effects of a high-fat diet and LPS Twelve-week-old male C57BL/6J mice (Charles River Laboratories International, Wilmington, MA, USA) and CD14 mutant male mice (Jackson Laboratory, Bar Harbor, ME, USA) were bred on a C57BL/6J background and housed in a controlled environment (inverted 12 h daylight cycle, lights off at 10:00 hours) with free access to food and water. All the animal experimental procedures to test the effects of a high-fat diet and LPS were studied using mesenteric white AT (WAT). They were approved by the local ethics committee of the Rangueil Hospital, Toulouse, France and were performed as previously described [4, 18, 25, 26] .
Effects of PPARγ agonists
The effects of thiazolidinedione (TZD) treatment were studied using epididymal WAT from male 16 week old C57BL/6J WT mice fed a chow diet supplemented with or without 10 parts per million (ppm) rosiglitazone (Avandia) for 3 weeks from week 13 to week 16.
Chow-fed wild-type (WT), obese/obese knockout (ob/ob), Pparg-knockout (PpargKO), and ob/ob/PpargKO (POKO) male mice were generated on a mixed background as previously described [27] and epididymal AT was collected from groups at 4 and 16 weeks of age.
In vitro experiments
LBP expression in isolated cells Samples of SAT obtained from 12 women (28.9±1.9 kg/m 2 ) were fractionated as described elsewhere [28] . CD14 + cells isolated from the SVC fraction were isolated using magnetic anti-CD14 immunobeads (MACS Technology, Miltenyi Biotec, Madrid, Spain).
LBP during human pre-adipocyte differentiation Living SVCs from both visceral and SAT samples were resuspended in 2 ml erythrocyte lysis buffer (ammonium chloride) for 10 min on ice, washed two times with 20 ml PBS with 2% penicillin/streptomycin (vol./vol.) and centrifuged at 400 g for 5 min at room temperature. Pure SVCs and isolated preadipocytes (Zen-Bio, Research Triangle Park, NC, USA) were cultured as previously described [24] .
Effects of TNF-α, LPS and rosiglitazone on human preadipocytes In human pre-adipocytes, treatments were performed during adipocyte differentiation. For TNF-α and LPS-stimulated macrophage-conditioned medium (LPS-MCM) experiments, adipocytes were incubated with fresh medium (control), fresh medium containing TNF-α (100 ng/ml) and macrophage-conditioned medium (MCM; 5%, vol./vol.) from THP-1 cells previously treated with 10 ng/ml LPS. For the rosiglitazone (0.1 and 1 μmol/l) experiment, adipocyte differentiation was performed with rosiglitazone-free differentiation medium. All these treatments were performed in triplicate.
Effects of anti-mouse-LBP antibody in human adipocytes Antimouse-LBP antibody (Ab) biG 33 (0.5 μg/ml) was obtained from Abnova (Taipei, Taiwan). Anti-mouse-LBP Ab, which cross-reacts with human LBP, was administered in the last 2 days of subcutaneous and visceral human adipocyte differentiation. This specific blocking effect on human LBP has been shown elsewhere [29] . After 48 h, the supernatant fractions were centrifuged at 400 g for 5 min, cells were harvested and the pellets and supernatant fractions were stored at −80°C for RNA analysis. All these treatments were performed in triplicate.
Human multipotent adipose-derived stem cells Human multipotent adipose-derived stem (hMADs) cells were cultured and differentiated as previously described [30] . See ESM Methods for further details.
Simpson-Golabi-Behmel syndrome cell and 3T3-L1 adipocyte differentiation procedures Confluent Simpson-Golabi-Behmel syndrome (SGBS) pre-adipocytes and 3T3-L1 were induced to differentiate to mature adipocytes in adipocyte differentiation medium over 18 and 7 days, respectively. See ESM Methods for further details.
Effects of TNF-α, LPS-MCM and rosiglitazone on 3T3-L1 cells TNF-α (10 ng/ml) and LPS-MCM (0.5% and 5%, vol./vol.) were administered during 3T3-L1 differentiation. Rosiglitazone (10 nmol/l) was added during 3T3-L1 differentiation.
Human LBP knockdown Permanent silencing was performed using LBP-targeted and control short hairpin (sh)RNA lentiviral particles (sc-43890-V and sc-108080, Santa Cruz Biotechnology, CA, USA) and following the manufacturer's instructions.
Analytical methods
LBP levels, serum glucose, HbA 1c , serum insulin, total cholesterol, HDL-cholesterol, LDL-cholesterol and total serum triacylglycerols were measured as previously described [18] . See ESM Methods for further details.
RNA purification and gene expression analysis RNA purification and gene expression procedures and analyses were performed as previously described [24, 31] . See ESM Methods for further details.
Western blot assays Western blot analysis was performed as previously described [24] using a 1:1,000 dilution of a rabbit anti-human-LBP Ab (AbCam) and mouse anti-human β-actin Ab (Sigma-Aldrich).
Statistical methods
Statistical analyses were performed using SPSS 12.0 software (SPSS, Chicago, IL, USA LBP was expressed at significantly higher levels in obese vs non-obese individuals in parallel to the degree of metabolic deterioration (i.e. with increased fasting glucose, insulin resistance, HbA 1c , fasting triacylglycerols and decreased adiponectin levels) and this was confirmed in two independent cohorts in both SAT and VAT (Fig. 1a,b , Table 2 ). In both cohorts, SAT LBP gene expression was negatively associated with anabolic and adipogenic genes (e.g. PPARγ [also known as PPARG], FABP4, FASN and ACC1) and lipid-dropletassociated genes (perilipin1, PLIN1), and positively associated with proinflammatory and macrophage-related genes (IL6, CD14). Similarly, VAT LBP gene expression was negatively associated with PPARγ, FASN, PLIN1 and omentin (ITLN1), and positively associated with proinflammatory genes such as HIF1α (also known as HIF1A), MCP1, TNF and visfatin. These findings suggested that LBP was regulated during the process of AT expansion and inflammation ( Table 3) .
As TNF-α production in AT is known to be strongly associated with endoplasmic reticulum (ER) stress, we also explored the possible relationship between LBP and ER stress 32, p=0 .03] in SAT), but no association was found between LBP gene expression and ER stress markers. However, within morbidly obese individuals, LBP gene expression was significantly associated with HSPA5 (r=0.41, p=0.02) in VAT, and tended to be associated in SAT (r=0.28, p=0.08).
LBP mRNA and protein levels in isolated adipocytes are associated with obesity
In agreement with the AT data, the increase in LBP expression was most prominent in adipocytes derived from SAT vs VAT (at day 14 of adipocyte differentiation, Fig. 1c ) in parallel with a more robust activation of the adipogenic programme and fat accumulation in SAT vs VAT (ESM Fig. 1a ). LBP gene transcript and LBP protein levels were also higher in adipocytes from obese vs non-obese individuals (Fig. 1d, ESM  Fig. 1b) . Thus, the increase in LBP synthesis runs in parallel with the differentiation of adipocytes and accumulation of lipid.
LBP gene expression during adipocyte differentiation
Cellular AT fractionation demonstrated that LBP transcript expression is restricted to the adipocyte population (Fig. 1e ).
In agreement with this, the level of LBP protein released into the media (24 h culture) was significantly increased in cultures of mature adipocytes compared with SVCs (27.6±6.7 vs 2.05±0.15 ng/ml; p<0.0001; Fig. 1f ). To investigate whether changes in LBP expression associated with obesity and insulin resistance were related to AT macrophage infiltration, LBP gene expression was studied in isolated AT macrophages (CD14 + cells). LBP gene expression was increased in CD14 − vs CD14 + cells (0.0032±0.002 vs 0.00041±0.0001 RU; p=0.005) but the absolute contribution to AT changes was meaningless given the low expression levels in macrophages compared with adipocytes (ESM Fig. 1c) . LBP protein release from mature adipocytes was higher compared with pre-adipocytes (Fig. 1g) . To assess the time-course changes, cells and supernatant fractions were sequentially obtained at days 0, 3, 7, 10 and 13 of human adipocyte differentiation. Levels of LBP transcript and LBP protein progressively increased, mainly in the later stages of adipocyte differentiation (days 10 and 13, Fig. 1h ) similar to FASN and ADIPOQ (ESM Fig. 1d ). The increase in LBP was independently confirmed in human SGBS cells (Fig. 1i) and mouse 3T3-L1 cells (Fig. 1j ) similar to Fasn (ESM Fig. 1e ).
Effects of decreased fat mass on AT LBP Weight loss in obese individuals is known to release the pressure on the mechanisms promoting AT expansion and improve insulin sensitivity. Accordingly, in two independent cohorts, weight loss led to a decrease in AT LBP transcription, mirroring improved insulin sensitivity and an increase in (Table 4 , Fig. 2a and ESM Fig. 2a-c) . In addition, the percentage change in weight loss correlated positively with ADIPOQ (r=0.56, p=0.003), and negatively with LEP (r=−0.64, p=0.001), TNF (r=−0.46, p=0.02) and LBP (r=−0.62, p=0.001) gene expression. Interestingly, the percentage change in LBP was significantly correlated with the percentage change in LEP (r=0.73, p<0.0001) and TNF (r=0.60, p=0.002).
To dissect the effect of fat mass from that of insulin resistance on LBP levels we investigated the regulation of LBP in lipodystrophy. In this case, and contrary to weight loss, the decrease in fat mass is associated with a primary failure of AT and is associated with insulin resistance and dyslipidaemia [21] . Not surprisingly, the expression of adipocyte gene markers (PPARγ and adiponectin) was decreased in poorly differentiated AT from lipodystrophic patients. Of interest, levels of LBP were also decreased in lipodystrophic samples in comparison with control individuals. These findings suggest that expression of LBP requires normal adipocyte differentiation and excessive fat accretion. However, for the same degree of adipocyte differentiation and fat accumulation, LBP levels were relatively higher among those lipodystrophic patients who were more insulin resistant and dyslipidaemic ( Fig. 2b and ESM Fig. 2d-e) . Thus, these data also suggest that the induction of LBP mRNA is exacerbated by the degree of insulin resistance and inflammation.
Overfeeding and increased fat mass increases LBP transcription in human and mouse AT We next evaluated the effect of overnutrition and weight gain on LBP expression in SAT samples from 20 healthy male volunteers who underwent a 56 day overfeeding protocol with a daily excess energy of 3,138 kJ [23] . As a result of this intervention, body weight increased (+2.5 kg) in parallel to increased AT LBP mRNA expression (7.5±0.8 RU before diet vs 10.7±1.5 RU after diet (p=0.003) (mean fold change: 1.4) (Fig. 2c) . These results were recapitulated in VAT from obese murine models in which the Lbp gene was highly expressed in murine mesenteric WAT and correlated with circulating LBP (r=0.8, p<0.0001); it increased further in C57BL/6J mice after a high-fat diet (Fig. 2d) .
The effect of PPARγ agonists on AT LBP expression Of note, treatment with a TZD, a drug group known to promote adipogenesis and improve insulin sensitivity, resulted in decreased LBP levels in epididymal WAT in parallel with Levels of statistical significance were set at p<0.05 Gene expression levels were recorded in RU Bivariate correlation was performed using non-parametric (Spearman) or parametric (Pearson) tests Names by which genes are also known are shown in parentheses Levels of statistical significance were set at p<0.05 increased insulin sensitivity (Fig. 2e) . Thus, this result raised the question of whether increased LBP expression was not related to the process of AT expansion of fat mass but to the metabolic impairment typically associated with it. This was further investigated using an in vitro system. Specifically, we observed that rosiglitazone led to decreased LBP (Fig. 2f ) in parallel to improved insulin signalling markers in 3T3-L1 cells (ESM Fig. 3a-f ), in human adipocytes (Fig. 2g ) and in human whole AT explants treated ex vivo (Fig. 2h) . To elucidate the potentially different effects of rosiglitazone on VAT and SAT, the experiment was performed again in paired SAT and VAT explants. There was a greater reduction in LBP gene expression and secreted protein after rosiglitazone in SAT when compared with VAT explants (Fig. 2i) . Similarly, the decrease in leptin and the increase in ADIPOQ gene expression were more marked in SAT explants (ESM Fig. 3g, h ).
We next studied this effect in vivo by comparing the expression of LBP in the epididymal WAT of several knockout mice (ob/ob, PpargKO and POKO) characterised by limited fat accretion and exacerbated metabolic disturbance compared with that in WT mice [27] . Our results indicate that at 4 weeks of age, LBP was significantly increased in ob/ob and POKO mice compared with WT and PpargKO mice. This indicated that induction of LBP was more rapid in AT highly challenged to expand (ob/ob genotype) in parallel with the exponential growth phase of adipose expansion characterised by adipocyte differentiation, fat deposition and weight increase (Fig. 2j) .
AT LBP mRNA is induced by inflammation We confirmed the direct involvement of LBP in the inflammatory response by showing that LPS treatment increases AT LBP Levels of statistical significance were set at p<0.05
Pre, before bariatric surgery; post, after bariatric surgery gene expression (Fig. 3a) . This effect was mediated by CD14 as it was not observed in Cd14-knockout mice, consistent with the role of CD14 in the transduction of the LPS signal (Fig. 3a) . Treatment with TNF-α and LPS-MCM also led to an increase in LBP in 3T3-L1 cells and human adipocytes in parallel with decreased expression of adipogenic genes (FASN, PPARγ and ADIPOQ) (Fig. 3b-g, ESM Fig. 4a-f ). In agreement with this, human adipocytes of obese individuals were characterised by increased LBP and decreased lipogenic gene expression compared with non-obese individuals (Fig. 1d, ESM Fig. 1b) .
Collectively, these results suggest that expression of LBP occurs in differentiated adipocytes, and that LBP increases in parallel with increased fat mass, being exacerbated under insulin-resistant conditions. LBP knockdown and anti-LBP effects on human adipogenesis LBP knockdown in human subcutaneous and visceral preadipocytes using shRNA lentiviral particles, decreasing LBP expression by 50-60%, led to increased expression of adipogenic genes (such as ADIPOQ and GLUT4) and p<0.01 compared with WT mice. All in vitro and ex vivo experiments were performed in triplicate. In (g-i), rosiglitazone concentrations are in μmol/l. Diff, differentiated; LD, lipodystrophy; Ros, rosiglitazone decreased inflammatory genes (such as IL6) during differentiation (Fig. 4a-h ). In line with LBP-knockdown results, anti-LBP Ab (0.5 μg/ml) administration in the last 2 days of human adipocyte differentiation (when the maximum adipocytesecreted LBP concentration was reached [50-60 ng/ml]) led to improved adipogenic status of fully differentiated subcutaneous and visceral adipocytes, increasing the expression of adipogenic genes and reducing IL6 mRNA levels (Fig. 5a-h ).
Discussion
A dramatic upregulation of circulating LBP concentration has been reported in obese individuals with increased fat mass [16] [17] [18] . Although circulating LBP is thought to derive from the liver [13, 32] , the close relationship between circulating LBP and obesity led us to investigate the possible contribution of AT to circulating LBP levels. In support of this relationship, a recent study reported increased LBP gene and protein expression in AT formed de novo using 3T3-F442A-transfected cells with a plasmid containing antagomirs against miR883b-5p [20] . Expression of LBP occurred in human AT and was substantially increased in SAT vs VAT, and in obese vs nonobese individuals. AT LBP mRNA and LBP protein levels were higher with progressive metabolic deterioration (i.e. with increased fasting glucose, insulin resistance, HbA 1c , fasting triacylglycerols and decreased adiponectin). Interestingly, LBP gene expression was restricted to adipocytes. That LBP was possibly playing a role in adipocyte biology was suggested by the negative associations of LBP with genes involved in adipogenesis and the structure of lipid droplets, and by the positive associations with inflammation-related genes. In fact, LBP is part of a family of structurally and functionally related lipid-transfer proteins, including bactericidal/permeabilityincreasing protein (BPI), cholesteryl ester transfer protein (CETP) and phospholipid transfer protein (PLTP) [33, 34] . The involvement in adipocyte biology was confirmed in isolated adipocytes. LBP gene expression and LBP protein release into culture medium increased during differentiation of human adipocytes, reaching maximum production when the adipocyte was fully differentiated. The increase in LBP was confirmed in human SGBS cells and in the mouse 3T3-L1 cell line. Interestingly, LBP knockdown led to improved human adipogenic markers and decreased adipocyte inflammation. Of note, inhibition of LBP activity using a specific anti-LBP Ab led to improved adipogenic status of fully differentiated adipocytes.
We thus confirmed, in several cell models, that the accumulation of lipids in adipocytes was a signal for LBP synthesis to occur. If this hypothesis is correct, lipid depletion should lead to the opposite phenotype. In agreement with this hypothesis, LBP decreased significantly in two models of lipid depletion: after weight loss; and in individuals with acquired lipodystrophy. The decrease after weight loss occurred in parallel with increased insulin sensitivity and decreased IL6 gene expression, suggesting that both insulin action and inflammatory pathways were playing a role in the modulation of LBP. Otherwise, in human and mice, overnutrition-induced weight gain led to significantly increased LBP gene expression in AT.
To confirm the associations with adipogenic pathways, we evaluated different models of insulin sensitisation. human data, Lbp mRNA was increased in obese and insulinresistant mice. Pharmacological insulin sensitisation using rosiglitazone led to decreased Lbp in parallel with increases in markers of insulin signalling in 3T3-L1 cells. Effects similar to those of rosiglitazone were observed in human adipocytes and in human whole AT explants treated ex vivo. The inflammatory state of VAT is known to be more marked when compared with SAT [35] . However, the major proinflammatory cytokines (TNF-α, IL-6) are mainly produced by the stromovascular fraction of AT [35] . The LBP gene and LBP protein were expressed mainly in adipocytes, with higher expression in subcutaneous vs visceral adipocytes. According to its proinflammatory activity, LBP would be expected to be increased in visceral adipocytes, but this was not the case. However, leptin is another factor with recognised proinflammatory activity that is increased in subcutaneous vs visceral adipocytes. Interestingly, weight loss led to tightly linked reduced expression of these adipocyte factors, leptin and LBP. Furthermore, in both SAT and VAT explants, rosiglitazone led to a greater reduction in LBP in parallel with that of LEP, whereas ADIPOQ gene expression was higher in SAT vs VAT.
We then investigated the role of inflammation in LBP expression. LPS, one of the most potent inflammatory triggers, led to increased AT LBP gene expression, while this was prevented in Cd14-knockout mice, consistent with the role of CD14 in the transduction of the LPS signal. TNF-α-and LPSstimulated MCM also led to increased LBP in parallel with decreased expression of adipogenic genes in 3T3-L1 cells and in human adipocytes. In fact, human adipocytes from obese individuals were also characterised by increased LBP and decreased lipogenic gene expression when compared with those from non-obese individuals. Inflammation-induced AT LBP biosynthesis may promote macrophage infiltration and recruitment in AT by increasing nuclear factor of κ light polypeptide gene enhancer in B cells 1 (NFκB) proinflammatory activity in adipocytes [36] [37] [38] . Supporting this idea, Lbp gene expression preceded the expression of different macrophage markers in Pparγ +/− and POKO mice. Previous findings demonstrated that TLR4 knockdown in whole AT led to decreased inflammatory responses in mice fed a high-fat diet and that saturated fatty acids are the main triggers of TLR4 activation in AT [39] [40] [41] [42] . It is known that LBP enhancement of LPS inflammatory effects in macrophages requires TLR4 [12, 13] . Additional experiments will be necessary to elucidate whether the well-known proinflammatory activity of LBP might underlie its negative effects on adipocyte differentiation. The association between LBP and HSPA5 in VAT from morbidly obese individuals suggests a possible link between inflammationtriggered adipocyte LBP biosynthesis and ER stress, at least in morbid obesity. This finding should be explored further.
Taken together, the data reported in the current study lead us to conclude that LBP is a novel adipokine that might display an essential role in inflammation-and obesityassociated AT dysfunction. Induction of LBP in the context of overnutrition and positive energy balance may contribute to obesity-associated metabolic complications through the prevention of AT expansion, leading to adipocyte dysfunction. In this context, increased LBP levels may cause metabolic stress and contribute to a vicious cycle that prevents further AT expansion and exacerbates the AT inflammatory response (Fig. 6 ). Current findings point at novel therapeutic approaches directed to inhibit LBP to uncouple the effects of positive energy balance from its associated metabolic effects. Furthermore, measurement of LBP levels may constitute an early biomarker related to AT dysfunctionality.
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